Abstract: Abiraterone acetate 1000 mg/day, combined with prednisone 5 mg PO twice daily, is indicated for the treatment of metastatic castration-resistant prostate cancer (mCRPC). Abiraterone acetate is the oral prodrug of abiraterone, a specific CYP17 inhibitor that blocks androgen biosynthesis within the adrenal glands, testes and tumor microenvironment. In a phase III trial of men with asymptomatic or minimally symptomatic, chemotherapy-naïve mCRPC, treatment with oral abiraterone acetate plus prednisone led to a statistically significant improvement in the co-primary endpoints of overall survival and radiographic progression-free survival when compared with placebo plus prednisone. In long-term follow-up of phase III trials, the incidence of corticosteroid-associated adverse events was 25.5% in the abiraterone acetate plus prednisone arm compared with 23.3% in the placebo plus prednisone arm. The need for regular patient monitoring and appropriate management of symptoms during long-term use of prednisone must be placed in context with the improvement in survival seen with abiraterone plus prednisone. Within the multidisciplinary environment that is emerging to meet quality and cost imperatives, abiraterone acetate plus prednisone is suitable for use in the chemotherapy-naïve population with minimal symptoms as well as in patients who have been treated with docetaxel and may have symptomatic disease. Ongoing trials are evaluating the role of abiraterone acetate plus prednisone in patients with nonmetastatic CRPC and metastatic hormone-sensitive prostate cancer, while further trials in the mCRPC setting are evaluating its use in combination regimens.
Introduction
Prostate cancer is the most frequently diagnosed cancer and the second leading cause of cancer death among men worldwide. 1 In the majority of men with newly diagnosed prostate cancer, the disease is discovered in the local or regional stages. 2 After a decline in the incidence of metastatic disease that started in the 1990s, recent data suggest that the incidence of localized disease has decreased dramatically, with a corresponding shift toward advanced-stage tumors such that regional and metastatic tumors currently account for approximately 50% and 20% of cases at diagnosis, respectively. 3, 4 There is now evidence in the United States that the incidence of metastatic prostate cancer is increasing -one study reported a 72% higher incidence of cases in 2013 compared with 2004, with the greatest increase among men aged 55-69 years. 5 Prostate cancer deaths predominantly result from progression to metastatic castration-resistant prostate cancer (mCRPC). 6 More than one-third of nonmetastatic CRPC (nmCRPC) cases progress to mCRPC each year, with an annual mortality rate in newly diagnosed local or locally advanced disease of just 5%, compared with 16% of nmCRPC cases and 56% of mCRPC cases. 7 These findings indicate that effective therapies applied early in the disease course may help to reduce the incidence of morbidity and mortality in mCRPC.
Androgen deprivation therapy (ADT), which reduces serum concentrations of androgens and their subsequent interaction via the androgen receptor (AR), provides initial response in >90% of patients with androgen-sensitive prostate cancer. 8 However, detectable serum concentrations of androgens (testosterone) remain in a majority of patients with CRPC, and almost all patients will eventually develop disease progression if they do not succumb to another comorbidity. 9 In CRPC, continued androgen synthesis following ADT occurs in the testes, adrenals and the tumor itself, with consequent ongoing activation of AR signaling. 10, 11 It has been postulated that, among men with hormone-sensitive disease, those with a testosterone level that falls below 20 ng/dl during ADT have a longer time to castration resistance and survival compared with those who fail to achieve this level of castration. 12 Subsequently, the further lowering of suppressed androgen levels using novel agents was proposed to provide benefit for patients with castration-resistant disease. The understanding that adaptive mechanisms in the tumor microenvironment can drive prostate cancer progression despite castrate levels of androgens led to the development of novel agents aimed at further decreasing androgen production or blocking AR function for administration in the chemotherapy-naïve setting. 13, 14 As a result, several guideline-supported treatment options are now available for the use of these novel hormonal agents within the chemotherapynaïve setting. These agents include enzalutamide and abiraterone acetate plus prednisone, which target the androgen axis with different mechanisms of action, with differing effects on the testosterone/androstenedione axis and resulting testosterone levels. [15] [16] [17] [18] [19] More than 50% of patients with mCRPC never receive secondary treatment with docetaxel chemotherapy, which is known to offer a survival benefit. 20, 21 Potential reasons for this include differences in management style between medical oncologists and urologists, 20 comorbidities and patient ineligibility, 21 and patient refusal presumably due to concerns around toxicity, perceived effectiveness of treatment and issues surrounding communication and the patient-physician relationship. 22 Chemotherapy-naïve patients constitute a broad population along the prostate cancer disease continuum, ranging from those with low-volume disease and low prostate-specific antigen (PSA) to those with more rapidly progressive disease who may benefit from, but nevertheless refuse, chemotherapy. 23 The prognosis for these symptomatic patients is worse than that for patients with asymptomatic disease. Evidence from the COU-AA-302 trial suggests a benefit associated with the use of abiraterone acetate plus prednisone early in the clinical course of mCRPC. 24 The future for optimizing mCRPC therapy should be predicated upon a knowledgeable understanding of all approved therapies, as well as the relevant evolving fields of biomarker assessment and advanced imaging in order to maximize patient outcomes and healthcare economic burden. This review will evaluate the rationale, evidence and clinical utility for use of abiraterone acetate plus prednisone in the chemotherapy-naïve patient population, including those with metastatic hormone-sensitive prostate cancer (mHSPC) and mCRPC.
Use of abiraterone acetate and prednisone in the chemotherapy-naïve prostate cancer setting Abiraterone acetate is the oral prodrug of abiraterone, a specific CYP17 inhibitor that blocks extragonadal, testicular and tumor androgen biosynthesis. 25 Abiraterone acetate is approved by the US Food and Drug Administration (FDA) for use with prednisone for the treatment of patients with mCRPC. 26 The pivotal COU-AA-302 trial randomized 1088 chemotherapy-naïve patients with mCRPC to receive oral abiraterone acetate 1000 mg daily plus prednisone 5 mg twice daily or placebo plus prednisone. 23, 24, 27 For the final analysis (median follow-up 49.2 months), the median overall survival (OS) was 34. (Table 1) . 23, 27 Safety findings of COU-AA-302 showed that adverse events (AEs) of any grade that occurred more frequently for abiraterone acetate plus prednisone versus placebo plus prednisone included arthralgia in 29% versus 24% of patients, respectively, peripheral edema in 26% versus 21%, hot flush in 23% versus 18%, diarrhea in 23% versus 18% and hypertension in 22% versus 14%, respectively. AEs were predominantly of grades 1 or 2.
AEs that appeared more frequently for abiraterone acetate plus prednisone versus placebo plus 24 Other notable benefits were observed for abiraterone acetate plus prednisone versus placebo plus prednisone in the COU-AA-302 trial (Table 1) . Consistent with prolonging OS compared with placebo plus prednisone, abiraterone acetate plus prednisone also delayed the time to pain progression, interference of pain in daily activities and deterioration in health-related quality of life. 28 Moreover, the survival and safety findings of subgroup analyses were consistent with the results seen in the overall population in COU-AA-302. Abiraterone acetate plus prednisone versus placebo plus prednisone yielded significant improvements in OS in patients aged 75 years and older and in those with and without concomitant bonetargeted therapy. 29, 30 The clinical benefit of abiraterone acetate plus prednisone versus placebo plus prednisone in elderly patients was similar to that in younger patients, confirming that abiraterone acetate plus prednisone represents a treatment option for elderly patients who might not tolerate other therapies with greater toxicity. 30 Mineralocorticoid excess associated with abiraterone acetate plus prednisone was similar among the age subgroups. The incidence of fluid retention/edema, hypokalemia, hypertension, hepatotoxicity and cardiac disorders was higher with abiraterone acetate plus prednisone than with placebo plus prednisone in elderly (grades 1-4, 73.6% versus 59.1%; grades 3-4, 24.2% versus 17%) and younger (grades 1-4, 65.8% versus 47.9%; grades 3-4, 17.8% versus 9.3%) patients. Elderly patients in both treatment arms had a higher incidence of fluid retention and cardiac disorders than younger patients, as well as a higher rate of dose reductions; however, rates of treatment interruptions due to AEs were similarly low in both age groups. 30 Post-hoc analyses of COU-AA-302 and also the COU-AA-301 trial, which enrolled men with mCRPC who had previously failed docetaxel, provided robust evidence of long-term safety of abiraterone acetate plus prednisone. 31 Although the COU-AA-301 trial included patients in the post-chemotherapy setting, the study provides long-term data for abiraterone acetate plus prednisone that are relevant for its application in the early disease setting, where patients are expected to have a longer duration of exposure to the drug. A post-hoc analysis of 2267 patients in COU-AA-301 and COU-AA-302 found that long-term exposure to low-dose prednisone in combination with abiraterone acetate is not associated with a higher incidence of corticosteroidassociated AEs than placebo plus prednisone. 31 Patients enrolled in these trials received prednisone 5 mg twice daily for a median of 8.3 months (range, 0.1-34.9 months), representing >2000 patient-years of prednisone exposure. The discontinuation rate for abiraterone acetate and prednisone in the two trials was low, with sideeffects readily manageable and reversible, despite the advanced disease status of the COU-AA-301 population. The overall incidence of corticosteroid-associated AEs was 25.5% in the abiraterone acetate plus prednisone arm compared with 23.3% in those assigned to placebo plus prednisone. The most common corticosteroidassociated events of any grade were hyperglycemia (7.8% versus 6.9%, respectively) and weight increase (3.9% versus 4.8%). The overall incidence of grade ⩾3 corticosteroid-associated AEs in either treatment arm was 4.5% (5.1% in the abiraterone acetate arm plus prednisone arm versus 3.7% in the placebo plus prednisone arm); hyperglycemia (2.0%), cataract (0.4%), diabetes mellitus (0.4%) and gastrointestinal hemorrhage (0.3%) were the most common. Even weight gain, which is a common concern for patients taking corticosteroids, was not impacted by the addition of abiraterone acetate to prednisone. Considered together, these clinical trial findings suggest that treatment with abiraterone acetate plus prednisone is effective and well tolerated during long-term administration.
Although the COU-AA-302 trial did not address the role of abiraterone acetate plus prednisone in patients with symptomatic, chemotherapy-naïve CRPC, relevant data are beginning to emerge supporting the use of this regimen in such patients, particularly in combination with radiotherapy or radium-223. 32, 33 Data from an early access program suggest that radium-223 can be safely combined with abiraterone plus prednisone in patients with asymptomatic and symptomatic mCRPC. 32 Interim results of a phase II study of radium-223 administered concurrently with abiraterone acetate plus prednisone in patients with symptomatic CRPC showed encouraging findings with respect to bone pain, quality of life and stability in ECOG scores. 33 The findings of real-world studies further support the use of abiraterone acetate plus prednisone in symptomatic patient populations, who achieve similar survival despite higher ECOG performance status scores and shorter duration of therapy. 34, 35 Other therapies and regimens in the chemotherapy-naïve prostate cancer setting In the chemotherapy-naïve M1 CRPC setting, current guidelines such as those of the National Comprehensive Cancer Network and the American Urological Association support a role for abiraterone acetate plus prednisone, enzalutamide and sipuleucel-T for patients with asymptomatic or minimally symptomatic disease. 13 Although both abiraterone acetate and enzalutamide target the androgen axis, the former does so by inhibiting androgen biosynthesis within the adrenal glands, testes and tumor microenvironment. Enzalutamide, in contrast, targets the AR, including its intracellular signaling functions. Enzalutamide was evaluated in the PREVAIL trial, in which 1717 patients with mCRPC received oral enzalutamide 160 mg daily or placebo as prechemotherapy. 36 Primary resistance or lack of initial response with respect to measures of clinical benefit affects approximately 20-40% of patients treated with enzalutamide or abiraterone acetate plus prednisone, and virtually all patients with an initial response will eventually acquire secondary resistance over time. 37 A number of mechanisms for continued AR activation in a low-androgen environment have been proposed. 10, 11, 38, 39 Among these is the generation of variant forms of AR through somatic mutation or aberrant RNA splicing, resulting in receptors that lack the C-terminal domain. Instead of losing function, these variants encode protein isoforms that activate the AR pathway in the absence of androgens and can render resistance to treatment. 40 In addition, androgen synthesis may continue via the 3-beta-hydroxysteroid dehydrogenase pathway, which is able to convert dehydroepiandrosterone and delta 5 -androstenediol to androstenedione and testosterone, respectively. 41 In the case of enzalutamide and abiraterone acetate, whose activities are dependent on the C-terminal domain of the AR, resistance is likely to be mediated by AR splice variants and associated aberrations in AR signaling. 40 Overexpression of the glucocorticoid receptor and upregulation of enzymes involved in steroid biosynthesis may also be involved. 40, 42 Interestingly, reports of an association between AR splice variant 7 (AR-V7) expression localizing on circulating tumor cells (CTCs) and resistance to enzalutamide and abiraterone acetate plus prednisone indicate the potential for treatment-specific biomarkers in mCRPC. 43 This finding needs to be tempered with the understanding that most men with mCRPC do not have detectable CTCs, and enhanced survival among those men who do express AR-V7-positive CTCs is associated with taxane therapy rather than AR-directed therapy. 44 Sipuleucel-T is an autologous active cellular immunotherapy that is prepared by isolating antigen-presenting cells from the peripheral blood of individual patients; these are subsequently cultured ex vivo with a prostatic acid phosphatase/ granulocyte-macrophage colony-stimulating factor recombinant fusion protein before being administered to the patient. 45 In a randomized phase II trial, sipuleucel-T was evaluated in patients with mCRPC both as concurrent and sequential therapy with abiraterone acetate plus prednisone. 46 Abiraterone acetate plus prednisone was administered 1 day after the first sipuleucel-T infusion in the concurrent arm and 10 weeks after the first sipuleucel-T infusion in the sequential arm. In both arms, the peripheral immune responses and other parameters of the sipuleucel-T product profile were consistent with previous trials of sipuleucel-T, indicating that the combination of these agents is feasible. A similarly designed study using enzalutamide also found no difference in immune function when enzalutamide was administered concomitantly versus sequentially with sipuleucel-T. 47 Another therapy approved by the US FDA for use in mCRPC in the prechemotherapy setting is radium-223, an alpha-emitting radiopharmaceutical agent that preferentially accumulates in bone metastases. 48 Compared with placebo, six injections of radium-223 at 4-weekly intervals between injections resulted in a significant improvement in OS (14.0 versus 11.2 months; HR, 0.70; 95% CI, 0.55-0.88; p = 0.002), with significant benefits also for secondary endpoints of time to first symptomatic skeletal event, time to increase in total alkaline phosphatase level and time to increase in PSA level. As previously mentioned, there are preliminary data supporting the efficacy and safety of concurrent therapy with radium-223 and abiraterone acetate plus prednisone in patients with mCRPC. 32, 33 In the setting of mHSPC, recent data support the early introduction of docetaxel concurrent with ADT, particularly in patients with high-volume disease characterized by visceral metastases, or multiple bone lesions. [49] [50] [51] [52] In particular, the significant improvement in median OS for patients receiving ADT plus docetaxel compared with ADT alone (4.7-13.6 months longer) suggests that chemohormonal combination therapy given early in the disease course may offer improved outcomes compared with the more traditional sequenced monotherapy approach. 45 Given that many patients are eligible for multiple treatments, the preferred strategy is to tailor the treatment plan to the individual patient by determining which treatment is more appropriate as the initial therapy. 45 Multidisciplinary care of patients in the chemotherapy-naïve mCRPC setting with a focus on treatment with abiraterone acetate plus prednisone Multidisciplinary care, such as that provided at specialized prostate cancer clinics, offers a unique management approach whereby newly diagnosed patients may simultaneously meet with urologic, radiation and medical oncologists. 53 This model of care is intended to provide the patient an opportunity to learn about all management options, providing for shared decision-making. When offered to men with low-risk disease, multidisciplinary care significantly increases the rate of active surveillance while increasing the likelihood that they receive a balanced perspective on various treatment benefits and risks, and reducing physician bias over preferred treatment modality. 53, 54 In one study, attendance of men with prostate cancer at a multidisciplinary clinic resulted in almost 30% having a change in their risk category or stage. 54 The long-term experience of one multidisciplinary genitourinary cancer clinic found benefits in terms of survival rate in patients with high-risk, locally advanced disease, and high levels of patient satisfaction. 55 In the context of abiraterone acetate plus prednisone therapy, a multidisciplinary approach to patient care is useful for ensuring that the patient receives the treatment at a time when he is most likely to derive maximum benefit. Abiraterone acetate plus prednisone represents an alternative to chemotherapy after hormone treatment failure, and one that may be especially attractive to urologists, in that it is an oral medication that can be easily managed in the office setting. 56 The ease of administration of abiraterone acetate plus prednisone provides a viable alternative to docetaxel and ensures continuity of care between the patient and his urologist. Having access to a multidisciplinary team ensures that the patient has simultaneous access to support from urologists and medical oncologists such that all available treatments are considered in the overall treatment plan and are administered at an appropriate juncture in the treatment sequence, and that referral to clinical trials is considered when appropriate.
Safe use of prednisone in mCRPC
At the indicated co-administered dose of 10 mg with abiraterone acetate, prednisone has minimal mineralocorticoid activity. 57 Given the long-term administration of prednisone in combination with abiraterone acetate, there is the potential for high levels of total corticosteroid exposure, placing patients at risk of corticosteroid-related AEs. 58 Corticosteroid use is associated with edema, hypertension, weight gain, hyperglycemia and journals.sagepub.com/home/tam 325 steroid-induced diabetes, cataracts, glaucoma, osteoporosis, loss of muscle mass, insomnia and immunosuppression. The development of these events is dependent on pre-existing medical conditions, disease state, corticosteroid dose and duration of therapy, with daily and cumulative prednisone doses associated with many of these events typically higher than those used for the treatment of mCRPC. 58 The consequences of certain mineralocorticoidassociated AEs, such as hyperglycemia and diabetes, must be placed in context of the life expectancy of the patient. 57 If the decision is made to start a patient on abiraterone acetate plus prednisone, the patient should be monitored regularly for corticosteroid-associated AEs. 57 Monitoring should include all known side-effects of corticosteroid use, including thrush and hyperglycemia, the presence of which may necessitate dose adjustment and proper tapering if corticosteroid use needs to be discontinued. 58 In the aforementioned study of long-term exposure to low-dose prednisone administered with abiraterone acetate in 2267 patients with mCRPC from COU-AA-301 and COU-AA-302, when assessed by duration of exposure (i.e. 3-month intervals up to ⩾30 months), no discernable trend was detected for corticosteroid-associated AEs, including incidence of overall hyperglycemia. 31 The Zytiga® (Janssen Biotech Inc., Horsham, PA, USA) product label recommends caution when treating patients whose underlying medical conditions might be compromised by increases in blood pressure, hypokalemia or fluid retention, and in patients with cardiovascular disease. 26 Moni-toring for signs and symptoms of adrenocortical insufficiency is recommended if prednisone is stopped or withdrawn, if the prednisone dose is reduced or if the patient experiences unusual stress.
Liver function should be monitored, including measurement of serum transaminases (alanine aminotransferase and aspartate aminotransferase) and bilirubin levels prior to initiating treatment with abiraterone acetate and prednisone, every 2 weeks for the first 3 months of treatment and monthly thereafter. Modification, interruption or discontinuation of abiraterone acetate dosing should occur as recommended. 26 Abiraterone should be used with caution in patients with a history of cardiovascular disease with monitoring for hypertension, hypokalemia and fluid retention at least once per month, with control of hypertension and hypokalemia before and during treatment with abiraterone acetate and prednisone. 26 Recent studies have implemented prednisone at lower than the indicated 5 mg twice daily dose coadministered with abiraterone acetate. In the neoadjuvant setting, prednisone 5 mg daily was well tolerated, with rates of occurrence of mineralocorticoid-associated AEs not different from those reported in prior phase III studies. 59, 60 Several studies are also being conducted at the 5 mg daily dose, including the phase II IMAAGEN (Impact of Abiraterone Acetate in Prostate Specific Antigen) trial 61 and the phase III LATITUDE trial, 62 and the abiraterone arms of the STAMPEDE (Systemic Therapy in Advancing or Metastatic Prostate Cancer: Evaluation of Drug Efficacy) trial, which are described in more detail later in this article. These further investigations will help determine whether abiraterone acetate plus a lower prednisone dose can be safely and efficaciously co-administered. An ongoing study is evaluating different steroid regimens (i.e. 5 mg prednisone twice daily, 5 mg prednisone once daily, 2.5 mg prednisone twice daily, and 0.5 mg dexamethasone once daily) for sideeffects related to mineralocorticoid excess prevention in prostate cancer prior to chemotherapy (NCT01867710). In a retrospective study of 30 CRPC patients who underwent a steroid switch from prednisolone to dexamethasone while on abiraterone acetate, durable PSA responses occurred in up to 40% of patients. 63 The biological mechanism responsible for the observed delay of resistance, as well as induction of radiological response in selected patients, requires prospective clinical trials.
Treatment considerations with abiraterone acetate Food considerations. There have been several clinical studies of abiraterone acetate in both healthy subjects and mCRPC patients with various food conditions that allow for the evaluation of food effect on abiraterone pharmacokinetics. 9, 23, [64] [65] [66] [67] On the basis of these data, it is recommended that abiraterone acetate be taken in accordance with product labeling 26 Although the lack of a formal standard definition of PSA flare presents difficulty in interpreting clinical trial data and informing real-world clinical practice, patients should be made aware of the potential for delayed PSA decline and/or PSA flare during the first 3 months. Time to PSA decline is not an indicator of clinical benefit and should not be used to guide treatment choice or continuation of treatment, especially within the first 3 months. However, a recent retrospective study conducted at one center suggests that early PSA decline may be associated with survival. Of 274 mCRPC patients treated with abiraterone acetate plus prednisone before or after docetaxel, patients who failed to achieve a 30% decline in PSA at 4 weeks relative to baseline had significantly inferior OS. 68 Future prospective multicenter studies are required for confirmation.
Reports of rhabdomyolysis in patients treated
with abiraterone acetate. Clinicians should be aware of two case studies of rhabdomyolysis in patients treated with abiraterone acetate reported in the literature. In one case study, rhabdomyolysis was associated with the use of abiraterone acetate plus prednisone and the patient showed gradually decreased creatine kinase upon drug discontinuation. 69 In the other case study, rhabdomyolysis-induced acute kidney injury was observed with exposure to denosumab and abiraterone acetate plus prednisone, so it is unclear whether this could be attributed to abiraterone acetate. 70 This patient also responded with normalization of creatine kinase upon discontinuation of treatment with both drugs.
Sequencing of abiraterone and other therapies in the chemotherapy-naïve prostate cancer setting Currently, there are no head-to-head data to establish the relative effectiveness and tolerability of individual therapies and to guide treatment sequencing. 45 Since abiraterone acetate plus prednisone and enzalutamide have different mechanisms of action, combination therapy and sequencing of these therapies will need to be the focus of future studies. 72 Cross-resistance among these AR-targeted agents is emerging, and may also have a bearing on treatment decisions. 45 Retrospective studies have attempted to address the issue of treatment sequencing, although the majority of published reports are from small, retrospective cohorts from mostly single centers. 45, 71 A phase II open-label study recently evaluated the effects of concurrent or sequential treatment with abiraterone acetate plus prednisone on sipuleucel-T in patients with mCRPC. 46 The study found that immunologic effects of sipuleucel-T were similarly observed with either concurrent or sequential administration of abiraterone acetate plus prednisone.
Current data support the sequential use of abiraterone acetate plus prednisone in relation to both pre-and post-docetaxel settings, as well as postenzalutamide treatment. 72 When docetaxel was administered following treatment with abiraterone acetate plus prednisone, 26% of patients had a PSA decline of ⩾50% and the median OS was 12.5 months. 73 This level of activity was lower than anticipated and no responses to docetaxel were observed in patients who were refractory to abiraterone acetate plus prednisone, although implications of possible cross-resistance need to be explored. In the post-docetaxel setting, abiraterone acetate plus prednisone treatment was associated with poor prognosis in men with high lactate dehydrogenase levels, an ECOG performance score of 2, liver metastases, low albumin, high alkaline phosphatase and time from start of initial ADT to start of treatment of ⩽36 months. 72, 74 Among patients who progress following treatment with enzalutamide, the activity of abiraterone acetate plus prednisone is limited. 75, 76 In patients previously treated with both docetaxel and enzalutamide who were then given abiraterone acetate and prednisone, just 8% achieved a ⩾50% decline in PSA levels, with a median progression-free survival of 2.7 months. 75 Similarly, among patients who progressed following treatment with enzalutamide only, no radiographic responses were observed and median OS was <1 year. 76 In the phase IV PLATO trial, the primary endpoint of improvement in progression-free survival was not met in chemotherapy-naïve mCRPC patients who progressed on enzalutamide and were then subsequently treated with enzalutamide and abiraterone acetate plus prednisone compared with abiraterone acetate plus prednisone alone. 77
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Key ongoing trials of abiraterone acetate plus prednisone and other regimens in the chemotherapy-naïve prostate cancer setting Abiraterone acetate plus prednisone is currently indicated for use in the mCRPC setting, both preand post-chemotherapy, but there are a number of ongoing studies to evaluate the role of abiraterone acetate and prednisone as treatment for chemotherapy-naïve patients in both the nonmetastatic and metastatic settings (Table 2) . Currently, there is no approved therapy for nmCRPC. The IMAAGEN study is a phase II, multicenter, openlabel trial that enrolled 131 patients with nmCRPC with a rising PSA level despite castrate levels of testosterone. 61 Patients are being treated with abiraterone acetate 1000 mg plus prednisone 5 mg daily. The primary endpoint is the proportion of patients with a ⩾50% reduction in PSA during cycles 1-6 of treatment, with key secondary endpoints of time to PSA progression, time to radiographic evidence of disease progression, proportion of patients with ⩾50% reduction in PSA after three treatment cycles absolute PSA reduction, and PSA and testosterone levels over time. Three further studies are investigating other agents for use in the nmCRPC setting. ARAMIS is a randomized, double-blind placebo-controlled trial comparing the novel second-generation oral AR inhibitor ODM-201 with placebo in high-risk patients with nmCRPC (NCT02200614). Patients are being assigned 2:1 to ODM-201 at a dose of 600 mg twice daily or placebo. The primary endpoint is metastasis-free survival. SPARTAN (Selective Prostate AR Targeting with ARN) is a multicenter, double-blind, placebocontrolled phase III trial of apalutamide 240 mg daily compared with placebo, both with ADT, in men with high-risk nmCRPC. 78 Apalutamide is an advanced AR antagonist that targets the ligandbinding domain of AR with high affinity, prevents AR nuclear translocation, DNA binding and transcription of AR gene targets, and achieves potent antitumor activity. 79 The primary endpoint is metastasis-free survival. A further trial in the nmCRPC setting is PROSPER, a randomized, double-blind, placebo-controlled international phase III trial investigating enzalutamide 160 mg/ day compared with placebo. 80 The primary endpoint is metastasis-free survival.
The combination of enzalutamide and abiraterone acetate plus prednisone is currently being investigated in the STAMPEDE trial (NCT00268476 There is increasing interest in the use of novel imaging modalities in men with nmCRPC to improve the early detection of metastases that might not otherwise be detected using conventional imaging, computed tomography or technetium bone scintigraphy. This will no doubt have a role in ongoing and/or future clinical trials of abiraterone acetate plus prednisone. Among these modalities, whole-body magnetic resonance imaging may be a suitable replacement for both computed tomography and bone scintigraphy, with or without targeted X-rays. 81 Another, serial 18F-choline positron emission tomography, has been evaluated in mCRPC patients receiving enzalutamide, with baseline maximum standardized uptake value found to be an independent prognostic factor. 82
Conclusion
The chemotherapy-naïve population constitutes a broad range of patients along the prostate cancer disease continuum, ranging from those with lowrisk, low-volume disease to those with advanced, symptomatic disease. Abiraterone acetate in combination with prednisone has proven benefit in men with mCRPC; however, benefit in other disease states is still undergoing study.
While prostate cancer care is best delivered in a multidisciplinary setting, this is not always possible. The toxicities of both abiraterone acetate and low-dose prednisone can be managed by the urologist as well as the medical oncologist with the appropriate knowledge. This review should provide information specific to the population of patients commonly shared by both urologists and medical oncologists and, less commonly, by radiation oncologists. Abiraterone acetate plus prednisone may, however, have a role in earlier-stage disease when used in combination with radiation therapy. At that point, it will be necessary for radiation oncologists to also have greater familiarity with the toxicities of both abiraterone acetate and low-dose prednisone. Currently, low-dose prednisone (5 mg twice daily) is specified in combination with abiraterone acetate. The use of abiraterone acetate with low-dose prednisone decreases steroid build-up upstream of CYP17 and prevents mineralocorticoid excess. When there is evidence of mineralocorticoid excess despite prednisone, switching to prednisolone should be considered. The phase III trials have demonstrated that low-dose prednisone is generally well tolerated, although it can exacerbate some underlying conditions such as diabetes or hypertension.
The results of ongoing trials in the chemotherapy-naïve setting will identify other prostate cancer patient populations that will benefit from abiraterone acetate and prednisone therapy. In the meantime, efforts to better refine treatment pathways for clinicians administering abiraterone acetate with prednisone are in process. 
